Background: Muscle injuries constitute a large percentage of all injuries in football.
Muscle injury is one of the major problems facing football players and is reported to represent 20% to 37% of all time-loss injuries at men's professional level z and 18% to 23% at men's amateur level. 3, 15 Muscle injuries are a heterogeneous group of different injury types and somewhat diffuse terminology. Traditionally, they have simply been categorized as delayed-onset muscle soreness, strains (distraction injuries), and contusions (compression injuries). 19 Recently, however, muscle injuries were classified into functional and structural-mechanical injuries, where functional injuries are minor fatigue-induced or neurogenic injuries causing hardening of the muscle, whereas structuralmechanical injuries are muscle tears or strains of muscle fibers or bundles. 17 The first step in injury prevention is to evaluate the epidemiology of injuries and establish injury risk and injury circumstances. 20 Although muscle injuries occur frequently, our understanding of the factors that predispose players to muscle injury is limited. Prospective epidemiological studies of this type can be expected to provide the benchmark data for establishing injury prevention and rehabilitation programs. Unfortunately, few prospective studies have been carried out that both involve senior professional footballers and provide the level of detailed information on muscle injuries that is required for this purpose.
The purpose of this study was to investigate the incidence and nature of muscle injury in a homogeneous group of male professional footballers. Our hypotheses were that muscle injuries constitute a large percentage of all injuries in football, with major practical consequences for teams and players.
METHODS

Participants and Study Cohorts
The study population consisted of 3 male European cohorts: the Union of European Football Associations (UEFA) Champions League (UCL) cohort, the Swedish First League (SWE) cohort, and the artificial turf (ART) cohort.
The study cohorts comprised 51 teams (2299 players) in total, followed over a varying number of seasons (1-9 seasons). The UCL cohort comprised 24 European professional teams (1210 players), selected by UEFA as belonging to the 50 best European teams and followed over 1 9 Briefly, all contracted players in the first teams were invited to participate in the study. Players who left the team during the season, for example, due to a transfer, were included for their time on the team. Anthropometric data and other characteristics of the cohorts are shown in Table 1 . Teams were followed during the full football season, including the preseason. Teams in the UCL and SWE cohorts trained and played their home matches on natural grass. Teams in the ART cohort all played on third-generation artificial turf at their home grounds and trained mainly on artificial turf.
Study Procedure
The study design followed the consensus on definitions and data collection procedures in studies of football injuries outlined in the consensus document 6 and by UEFA. 9 To ensure high reliability of data registration, all teams were provided with a study manual containing definitions and describing the procedures used to record data, including fictive examples. To avoid language problems, the manual and the study forms were translated from English into 5 other languages: French, Italian, Spanish, German, and Russian. In addition, all reports were checked each month by the study group, and feedback was sent to the teams to correct any missing or unclear data.
Player baseline data were collected once yearly, at the start of each season. Individual player participation in training and matches (minutes of exposure) was registered by the club contact person on a standard exposure form sent to the study group on a monthly basis. This included exposure with the first and second team, as well as any national team exposure, for all players. The total exposure for a team during Reinjuries (%) 452 (16) 228 (13) c,e
128 ( Significant difference between UCL and SWE cohorts.
f Incidence of muscle injuries expressed as number of injuries/1000 hours of total exposure (95% confidence interval).
g Injury burden expressed as number of days' absence/1000 hours of total exposure (incidence 3 mean absence) (95% confidence interval).
a 90-minute match is 16.5 hours (11 3 90 minutes). The team medical staffs recorded injuries on a standard injury form that was sent to the study group each month. The injury form provided information about the diagnosis, nature, and circumstances of injury occurrence. All injuries resulting in a player being unable to fully participate in training or match play (ie, time-loss injuries) were recorded, and the player was considered injured until the team medical staff allowed full participation in training and availability for match selection. Injuries were categorized under 4 degrees of severity based on the number of days' absence. All injuries were followed until the final day of rehabilitation. The registration of a muscle injury was based on a clinical examination by the team medical staff. No specific diagnostic criteria were sent out in advance. A muscle injury was defined as ''a traumatic distraction or overuse injury to the muscle leading to a player being unable to fully participate in training or match play.'' Structural-mechanical injuries, such as total and partial muscle ruptures, and functional injuries, such as fatigue-induced or neurogenic muscle hardening (hypertonia) or cramps, were included in the muscle injury group, whereas contusions, hematomas, tendon ruptures, and chronic tendinopathies were excluded. The definitions applied in the study are shown in the Appendix (see Appendix, available in the online version of this article at http://ajs.sagepub.com/supplemental/). 
Analyses
An analysis of variance with Bonferroni post hoc test was used for group comparisons of continuous normally distributed data (age, height, weight, squad size, and mean absence/injury). Injury incidence, calculated as the number of injuries per 1000 player hours, was analyzed with rate ratios and 95% confidence intervals, and significance was tested using z statistics. One sample proportional test was used for analysis of proportions. All hypotheses were 2-sided with a significance level set at P \ .05 and Bonferroni-adjusted for multiple comparisons. Ages were divided into 3 analysis groups based on mean 6 1 SD (\22 years, 22-30 years, and .30 years).
Written informed consent was collected from each player in accordance with the Declaration of Helsinki. The study protocol involving the Swedish teams was approved by the Regional Ethical Review Board in Linköping, Sweden, and the study protocol for the European professional teams was approved by the UEFA Football Development Division and the UEFA Medical Committee.
RESULTS
Prevalence and Incidence of Injuries
There were, on average, 25 6 4 players included per team, the squad size in the UCL and ART cohorts being significantly larger than that of the SWE cohort (26 6 4 and 25 6 3 vs 22 6 2, P \ .01). Overall, 1 175 000 hours of exposure (998 000 of training and 177 000 of match play) were registered.
In total, 2908 muscle injuries were registered with 53% occurring during matches and 47% during training. On average, a player sustained 0.6 muscle injuries per season. The prevalence and incidence of injuries are shown in Table 1 . Muscle injuries constituted 31% (2908/9275) of the total number of injuries registered in the 3 cohorts and caused 27% of the total injury absence in the clubs. Each season, 37% of players missed training or match play due to muscle injuries.
The injury incidence was 6 times higher during match play compared with training (8.70 vs 1.37/1000 hours, P \ .001). The incidence of match play injuries was lower for the ART cohort (6.16/1000 hours) compared with the 2 cohorts that played their home matches on natural grass (UCL 9.58/1000 hours, P \ .001; SWE 8.75/1000 hours, P \ .001). The injury incidence during training was higher in the SWE cohort (1.67/1000 hours) than in the UCL (1.38/ 1000 hours, P = .003) and ART (1.11/1000 hours, P \ .001) cohorts. The mean absence for muscle injuries was longer in the UCL cohort (16 days) than in the 2 other cohorts (SWE 12 and ART 12 days, both P \ .001) ( Table 1) .
Injury Location and Leg Dominance
Ninety-two percent of injuries affected the lower extremities. The hamstring (37%), adductor (23%), quadriceps (19%), and calf (13%) muscles were the most common injury locations (Table 2 ). Injury to the hamstring muscle group was the most common single injury subtype, representing 12% of all injuries. The majority of quadriceps strains (60%) affected the dominant leg (preferred kicking leg), 33% affected the nondominant leg, and 7% affected both legs or the leg dominance was unknown (P \ .05). The dominance of muscle injuries to the kicking leg was less obvious in other muscle groups (hamstrings, 50%; adductors, 54%; and calf muscles, 51%).
Injury Circumstances
Two of 3 muscle injuries were traumatic with an acute onset. Overuse injuries with a gradual onset were more common among hip/groin injuries than among injuries to the hamstrings, quadriceps, and calf muscles (42% vs 30%, 26%, and 28%, respectively, P \ .001). Almost all muscle injuries occurred in noncontact situations (adductors, 92%; quadriceps and hamstrings, 96%; and calf muscles, 95%), and only 5% occurred during foul play.
Variation During Matches
The distribution of injuries during the 90 minutes of a match is shown in Figure 1 . Thigh strains tended to occur less frequently in the first quarter of each half, showing a significant trend in the first half for quadriceps strains (P = .035). Similarly, hip/groin strains were less frequent in the first part of each half (first half, P \ .001; second half, P = .012). Calf strains were most frequent in the last 15 minutes of the match (P \ .05, compared with 0-15, 15-30, 30-45, and 60-75 minutes).
Muscle Injuries and Age
The incidence of muscle injury in general increased with age ( Figure 2 ). In training, players in the oldest age group (.30 years) had a significantly higher incidence than did young (\22 years) players (1.19 vs 1.63/1000 hours, P = .0003), whereas it was no different from that of the intermediate (22-30 years) age group (1.39/1000 hours). In match play, young players had a lower incidence (6.26/ 1000 hours) than did the intermediate (9.24/1000 hours, P \ .0001) and older (9.54/1000 hours, P \ .0001) age groups.
The match play incidence of the 4 most common muscle strain injuries was also analyzed between the age groups 174 (16) 81 (17) 124 (18) 48 (13) a Injury incidence for muscle injuries expressed as number of injuries/1000 hours of total exposure (95% confidence interval).
b
Injury burden expressed as number of days' absence/1000 hours of total exposure (incidence 3 mean absence) (95% confidence interval). ( Figure 3 ). There were no intergroup differences in the incidence of hamstring or quadriceps strains (all P . .0167). 
Reinjuries
As seen in Table 1 , 16% of the muscle injuries were reinjuries, the recurrent rate being significantly lower in the UCL cohort (13%) than in the ART (20%, P \ .001) and SWE cohorts (22%, P \ .001). The recurrent injuries had a significantly longer absence time compared with index injuries (17.8 6 25.2 vs 13.8 6 17.0 days, P \ .001). The median days lost for index and recurrent injuries was 9 and 10 days, respectively (10 vs 13 days in the UCL cohort, 8 vs 10 days in the ART cohort, and 6 vs 7 days in the SWE cohort). As seen in Table 2 , there was no difference in the recurrence rate between the 4 most common injury locations (adductors, 18%; hamstrings, 16%; quadriceps, 17%; and calves, 13%).
Consequences of Muscle Injuries
Diagnoses, days' absence, and recurrence rates are shown in Table 3 . In general, a football team with 25 players can expect about 15 muscle injuries per season (see Table 4 for a pragmatic list of the average burden on a team). The majority of injuries resulted in absences of more than 1 week (58%), and 11% were severe, causing absences more than 4 weeks from training and match play ( Table 2) . Quadriceps strains caused significantly longer absences (17 days) than did hamstring (14 days, P = .009) and hip/ groin strains (13 days, P \ .001) but not significantly longer than did calf strains (15 days, P = .08).
DISCUSSION
The main findings of this study were that almost one third of all injuries in professional football are muscle injuries and that the vast majority (92%) affect the 4 major muscle groups of the lower limbs: hamstrings, 37%; adductors, 23%; quadriceps, 19%; and calf muscles, 13%. It is well established that the majority of football injuries affect the lower extremities, 4, 21, 22 and this seems to be even more pronounced when it comes to muscle injuries. Another important finding of this study, with high clinical relevance for practitioners on the field, is that reinjuries cause significantly longer layoffs than do nonrecurrent injuries.
Substantial Consequences for Clubs and Players
Although most players were able to return to full training and match play within 4 weeks, muscle injuries are a substantial problem for the players and their clubs. They constitute almost one third of all injuries and caused more than a quarter of the total injury absence in the clubs studied. A team of 25 players at the elite level can expect about 15 muscle injuries each season, with approximately 2 weeks missed for each injury. This quantity of time loss could be devastating because players sidelined due to injury limit the possibility of optimal performance by the team.
Reinjuries Cause 30% Longer Absences
The early recurrence rate was significantly lower in the UCL cohort than in the SWE and ART cohorts. This tallies with findings for overall reinjury rates reported previously from the same cohorts. 4, [10] [11] [12] 21, 22 One possible explanation for the difference might be that top-level clubs in Europe have greater medical support, providing the possibility of more individualized rehabilitation for injured players. One could also speculate as to whether radiological examinations are more frequently used in top clubs for diagnostics and return-to-play decisions and whether this could help to reduce reinjury rates. However, this hypothesis should be verified in future studies. Reinjuries caused longer absence than did nonreinjuries, which is in accordance with previous findings. 4, 21, 22 Improvements in controlled rehabilitation with functional tests before returning to team training and match play might reduce the risk of reinjury even more. 7 
More Injuries Toward the End of Each Half
We found the incidence of muscle injuries in matches to be 6 times higher than in training, a finding that tallies with other studies. 4, 18 Furthermore, muscle injuries tended to occur more frequently toward the end of each half, a finding that is also in line with other studies. 4, 13 One might speculate as to whether fatigue might be an explanation for these findings. It has recently been shown in a laboratory study of 10 male professional footballers that the eccentric hamstrings' strength decreased over time and, in particular, after the half-time interval. 8 A limitation in our analysis, however, was that no adjustment was made for player substitutions; that is, it is not known whether a player who sustained an injury at the end of a match had started the match or not.
Lower Incidence of Muscle Injury When Playing on Artificial Turf?
The incidence of match play muscle injuries was significantly lower for the ART cohort than the 2 cohorts that played their home matches on natural grass. The match play injuries for the ART cohort include the injuries sustained at home matches on artificial turf but also injuries sustained at away matches mainly played on natural grass. A decreased incidence of lower extremity muscle injuries when playing on new-generation artificial turf has been observed in other studies where the same teams have been followed when playing their home matches on artificial turf and the majority of their away matches on natural grass, thus eliminating many of the confounding factors related to interteam differences, for example, reporting variations and differences in climate. 5 
Fewer Muscle Injuries in Younger Players
The incidence of muscle injury in general increased with age. A similar finding is often referred to in the literature. 2, 12 However, when performing a subanalysis of the incidence of different types of muscle injury in different 
Methodological Considerations
The strength of this study is its design, with a large homogeneous population group of male professional footballers followed prospectively with a standardized methodology that complies with the international consensus agreements on procedures for epidemiological studies of football injuries. 6, 9 The study provides information about the nature, incidence, and severity of muscle injuries. However, the heterogeneity of the material of muscle injuries makes prognoses regarding healing time and rehabilitation difficult. The material includes all types of muscle injuries, including total and partial muscle ruptures as well as muscle hypertonia and cramps. Furthermore, the material includes muscle injuries of different severities, of different extramuscular and intramuscular locations, and of different sizes. The correlation between age and muscle injuries in this study underlines the necessity to further classify the heterogeneous group of all muscle injuries into more homogeneous subgroups: As seen in Figure 2 , the incidence of muscle injury in general increased with age, but when muscle injuries were divided into subgroups, such an increase with age was only valid for the calf muscles group and not for hamstring or quadriceps injuries (Figure 3) .
Future studies should address the possibility of making a more accurate healing time prognosis for muscle injuries when classified into subgroups by means of clinical and/or radiological examinations. 17 Furthermore, the risk factors and mechanisms of the most common muscle injuries should be studied in more detail to generate ideas for preventive measures.
